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SPECIFICATION 

TITLE • 

IMPROVED AMINO ACID SOLUTIONS FOR 
TREATMENT OF PERITONEAL DIALYSIS PATIENTS 

BACKGROUND OF THE INVENTION 
The present invention relates generally to 
peritoneal dialysis and solutions for same. More 
specifically, the present invention relates to providing 
nutrition to peritoneal dialysis patients. 

Dialysis provides a method for supplementing or 
replacing renal function in certain patients. 
Principally, hemodialysis and peritoneal dialysis are 
utilized. Although dialysis provides in many cases life 
saving therapy, there are health issues that must be 
15 addressed in such patients. 

In hemodialysis, the patient's blood is passed 
through an artificial kidney dialysis machine. A 
membrane in the machine acts as an artificial kidney for 
cleansing the blood. Because it is an extracorporeal 
20 treatment that requires special machinery, there are 

certain inherent disadvantages with hemodialysis. 

TcT overcome the 1 " disadvantages * associated with 
hemodialysis, peritoneal dialysis was developed. 
Peritoneal dialysis utilizes the patient's own peritoneum 
25 as a semi-permeable membrane. The peritoneum is the 

membranous lining of the body cavity that due to the 
large n umb er of blood vessels and capillaries, is capable 
of acting as a natural semi-permeable membrane. 

In peritoneal dialysis, a dialysis solution is 
3 0 introduced into the peritoneal cavity utilizing a 

catheter. After a sufficient period of time, an exchange 
of solutes between the dialysate and the blood is 
achieved. Fluid removal is achieved by providing a 
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suitable osmotic gradient from the blood to the dialysate 
to permit water outflow, from, the blood- This allows the 
proper acid-base, electrolyte , and fluid balance to be 
returned to the blood. The dialysis solution is then 
5 simply drained from the body cavity through the catheter. 

Unfortunately, malnutrition is a risk factor for 
morbidity and mortality in peritoneal dialysis patients. 
Accordingly, much recent focus has been directed to 
improving the nutritional status of such patients. See, 

10 Amino Acid Solutions for CAPD: Rationale and Clinical 

Experience, Michael Jones et al, Mineral and Ele ctrolyte 
Metabolism . 1992, 18:309-315. 

Because there is no standard definition of 
malnutrition, estimates of the prevalence of malnutrition 

15 in CAPD patients vary. These estimates typically 

indicate that approximately 40 to 50% of CAPD patients 
are mildly to severely malnourished. 

A variety of factors contribute to malnutrition in 
this patient population. Many factors hinder dialysis 

2 0 patients from eating nutritious diets. These factors 

include: poverty; depression; loss of taste acuity; 
dietary restrictions that result in an unpalatable diet? 
and underdialysis. This problem is compounded with the 
patient's greater than normal need for dietary protein 

25 due to losses of amino acids and proteins into dialysate, 

intercurrent illness, vitamin and mineral deficiencies, 
and co-morbid conditions such as diabetes. 

There are additional features peculiar to CAPD that 
can also predispose such patients to malnutrition. Two 

30 such features include: inadequate dialysis; and the 

chronic effects of continuous glucose load. In this 
regard, glucose is typically used as the osmotic agent 
in a peritoneal dialysis solution. Glucose is not an 
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inert osmotic agent , but is a nutrient as well. Glucose 
can contribute as much as 12 to 34% of the total calorie 
intake in CAPD patients. There is evidence that appetite 
and therefore food intake decreases as a function of the 
5 longevity of CAPD treatment. This may be due at least 

partly to the effects of chronic glucose absorption from 
the peritoneum. 

Because glucose provides caloric support, the 
malnutrition experienced by CAPD patients is not believed 

10 to be based on a calorie deficiency. Rather, it is 

believed that protein intake is most often inadequate. 

Accordingly, one approach to improving nutritional 
status in peritoneal dialysis patients is to use amino 
acids in place of glucose in the dialysate. Although 

15 amino acids should improve plasma proteins and/or total 

body nitrogen, there are problems inherent in adding 
amino acids to the dialysis solution- Metabolic acidosis 
is a catabolic event that will occur when many amino acid 
solutions are administered through the peritoneum. 

2 0 Additionally, many amino acid solutions will not modify 

the plasma amino acid profiles of malnourished CAPD 
patients, sa that they are normal... 

For example, in Afreen, The Nutritional /Metabolic 
and Hormonal Effects of Eight Weeks of Continuous 
25 Ambulatory Peritoneal Dialysis With a One Percent Amino 

Acid Solution, Clin Nephrol 1990; 33:192-199, 7 non- 
diabetic patients with chronic renal failure were treated 
by CAPD. During the treatment, a 1% amino acid dialysis 
solution replaced two of the four dextrose peritoneal 

3 0 dialysis exchanges (the amino acid solution used is set 

forth in the specification at Example No 2 infra) . The 
amino acid solution, although it improved the plasma 
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amino acid profile, resulted in significant metabolic 
acidosis. 

See additionally: Oreh et al, Effective Use of 
Amino Acid Dialysate Over Four Weeks in CAPD Patients, 
5 p^ritnn nial Bull 1983; 3:66-73; Young et al, The Use of 

Amino-Acid Based CAPD Fluid Over 12 Weeks, Nephrol Dial 
Tr anspl 1989; 4: 285-292; Dombros et al , Six-Month 
Overnight Intraperitoneal Amino Acid Infusion in 
Continuous Ambulatory Peritoneal Dialysis (CAPD) Patients 

10 - No Effect on Nutritional Status, Periton Dial Int 1990; 

10: 79-84; Renzo et al, CAPD in Diabetics; Use of Amino 
Acids, Advances in Periton eal Dialysis. 1990, Vol. 6, pp. 
53-55; and Bruno, CAPD With an Amino Acid Dialysis 
Solution: A Long-Term Cross-Over Study, Kidney Int , 1989; 

15 35:1189-1194. Some of the results of the experiments 

reported in these articles are set forth in Example No. 
2 infra . 

Accordingly, there is a need for an improved amino 
acid solution that can be administered to a peritoneal 

20 dialysis patient as a treatment for malnutrition. 

SUMMARY OF THE INVENTION 
The present invention provides a peritoneal dialysis 
solution that contains amino acids for treating and/or 
preventing malnutrition in a peritoneal dialysis patient. 

25 The amino acid composition is optimized to minimize 

metabolic acidosis. To the best of the inventors' 
knowledge, all previous attempts at creating amino acid 
peritoneal dialysis formulations that can normalize 
plasma amino acid profiles suffer the disadvantage of 

3 0 metabolic acidosis. Additionally, the amino acid 

solution of the present invention has a composition that 
normalizes plasma amino acid profiles of peritoneal 
dialysis patients. 
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To this end, the present invention provides an amino 
acid peritoneal dialysis solution that includes, in an 
embodiment, approximately 1% of an amino acid composition 
that comprises, per 100 ml of solution, the following : 



5 


Amino Acid 


Cone. fma%) 




Leucine 


74-112 




Valine 


100-151 




Threonine 


47-71 




Isoleucine 


61-92 


10 


Lysine 


55-83 




Histidine 


52-78 




Methionine 


32-48 




Phenylalanine 


42-62 




Tryptophan 


20-30 


15 


Alanine 


68-103 




Proline 


43-65 




Arginine 


70-113 




Glycine 


36-55 




Serine 


40-65 


20 


Tyrosine 


20-35 




Aspartate 


55-83 




Glutamate 


55-83 




Preferred Ratios 






Phenyl alan ine/Tyros ine 


1.3-3.0 


25 


Basic/ Acidic 


1-2.2 




Essential/Total 


0.5-0.7 



In an embodiment, the remaining composition of the 
solution will include a typical dialysis solution from 
which glucose, or other osmotic agent, has been removed. 
30 For example, the solution can include, in an embodiment: 

120-150 mEq/L sodium; 80-110 mEq/L chloride; 0.0-45.0 
mEq/L lactate; 0.0-45.0 mEq/L bicarbonate; 0.0-4.0 mEq/L 
calcium; and 0.0-4.0 mEq/L magnesium. 
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in an embodiment, a dialysis solution is provided 
including the amino acids: Leucine; valine; threonine; 
isoleucine; lysine; histidine; methionine; phenylalanine; 
tryptophan; alanine; proline; arginine; glycine; serine; 
tyrosine; aspartate; and glutamate; wherein the 
methionine is present in an amount that is less than 48 
mg per 100 ml of total solution, the ratio of 
phenylalanine/tyrosine is 1.3 to about 3-0 and the ratio 
of basic/amino acids is 1 to about 2-2. 

Methods for providing nutrition to peritoneal 
dialysis patients are also provided. 

It is an advantage of the present invention to 
provide a dialysis solution, including an amino acid 
composition, that can normalize plasma amino acid 
15 profiles in a peritoneal dialysis patient. 

An additional advantage of the present invention is 
that it provides an amino acid composition that can be 
administered through the peritoneum of a patient without 
the danger of metabolic acidosis. 
20 Additionally, an advantage of the present invention 

is to provide an amino acid solution that can be used for 
treating malnutrition in peritoneal dialysis patients. 

Still further, an advantage of the present invention 
is that it provides an amino acid composition that has 
25 a sufficient amount of branched chain amino acids to 

compensate for the reduced level of branched chain amino 
acids in most dialysis patients. 

Furthermore, an advantage of the present invention 
is to provide an amino acid composition that has reduced 
30 amounts of phenylalanine and increased amounts of 

tyrosine to deal with the problems dialysis patients have 
in converting phenylalanine to tyrosine. 
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Moreover, an advantage of the present invention is 
to provide an amino acid composition having lower 
quantities of methionine to reduce the amount of acid 
generating amino acids. 
5 Another advantage of the present invention is to 

provide an amino acid composition that includes aspartate 
and glutamate to neutralize the acids generated by acid 
generating amino acids* 

Additional features and advantages of the present 
10 invention are described in, and will be apparent from, 

the detailed description of the presently preferred 
embodiments . 

DETAILED DESCRIPTION 
OF THE PRESENTLY PREFERRED EMBODIMENTS 
15 The present invention provides an amino acid 

composition that can be used to treat and/or prevent 
malnutrition in peritoneal dialysis patients. Pursuant 
to the present invention, a solution is provided that can 
be administered through the peritoneum that has an amino 

2 0 acid profile that is designed to: 1) normalize the 

plasma amino acid levels of a peritoneal dialysis 
patient; and 2) prevent metabolic acidosis in the 
patient. 

The amino acid composition is preferably provided 
25 in a concentration of less than approximately 1.6% (w/v) 

of the dialysis solution and in an embodiment as 
approximately 1.1% to about 1% (w/v) of the dialysis 
solution. Although it is believed that the amino acid 
solution should not be -used in concentrations greater- 

3 0 than 1.6%, there may be certain circumstances where such 

a solution is desired. 

The amino acid composition is designed in an 
embodiment to be used in a typical dialysis solution as 
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10 



15 



20 



25 



30 



a replacement for the osmotic agent. For example, the 
amino acid composition can replace glucose in currently, 
used dialysis solutions, for example, DIANEAL* PD2 or 
PD4. However, the amino acid composition can be used 
with a dialysis solution including an osmotic agent. 

in an embodiment, the amino acid solution is present 
as approximately 1.1% of the dialysis solution and 
comprises, per 100 ml of solution, the following: 



Amino Acid 


rone . (ma%) 


Leucine 


74-112 


Valine 


100-151 


Threonine 


47-71 


Isoleucine 


61-92 


Lysine 


55-83 


Histidine 


52-78 


Methionine 


32-48 


Phenylalanine 


42-62 


Tryptophan 


20-30 


Alanine 


68-103 


Proline 


43-65 


Arginine 


70-115 


Glycine 


3 6-55 


Serine 


40-65 


Tyrosine 


20-35 


Aspartate 


55-83 


Glutamate 


55-83 



Preferably the ratios of some of the amino acids are as 
follows: 

Phenylalanine/Tyrosine 1.3-3.0 

Basic/Acidic 1-2.2 

Essential/Total 0 . 5-0 . 7 

As stated above, the amino acid solutions of the 
present invention can be used in a variety of dialysis 
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solutions. In an embodiment, the dialysis solution 
includes: 120-150 mEq/L sodium; 80-110 mEq/L chloride; 
0.0-45.0 mEq/L lactate; 0.0-45.0 mEq/L bicarbonate; 0.0- 
4,0 mEq/L calcium; and 0.0-4.0 mEq/L magnesium. 
5 The amino acid dialysis solutions of the present 

invention provide many benefits and advantages over 
heretofore employed dialysis solutions. The amino acid 
dialysis solution has a higher proportion of branched 
chain amino acids. This addresses the problem of low 

10 concentrations of branched chain amino acids in many 

peritoneal dialysis patients. 

Additionally, the amino acid dialysis solution of 
the present invention has reduced amounts of 
phenylalanine. However, the dialysis solution has 

15 increased amounts of tyrosine. The conversion of 

phenylalanine to tyrosine is impaired in many peritoneal 
dialysis patients. 

Acid generation is a problem with peritoneal 
administered amino acid solutions. Pursuant to the 

20 present invention, lower quantities of methionine are 

present in the amino acid solution to reduce the amount 
of acid generating amino acids. On the other hand* 
aspartic and glutamine are added to neutralize the acid 
generated by the acid generating amino acids of the 

25 dialysis solution. 

Still further, pursuant to the present invention, 
an optimal ratio between the basic amino acids and acidic 
amino acids is provided. Preferably, the ratio is 1 to 
2.2. The basic amino acids include lysine, arginine, and ** 1 

30 methionine. The acidic amino acids include aspartic and 

glutamic amino acids. 

By way of example, and not limitation, in an 
embodiment of the present invention, the following amino 
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10 



15 



20 



25 



acid composition is present at approximately 1.1% of the 
dialysis solution: 

ma /ml* 



Amino Acid 
Leucine 
Valine 
Threonine 
Isoleucine 
Lysine/HCl 
Histidine 
Methionine 
Phenylalanine 

Tryptophan 

Alanine 

Proline 

Arginine 

Glycine 

Serine 

Tyrosine 

Aspartate 

Glutamate 



93 
135 
59 
77 
60 
65 
40 
52 
25 
85 
54 
75 
46 
60 
30 
72 
72 



Wt£ 

8.45 
12.27 
5.36 
7.00 
5.45 
5.91 
3.64 
4.73 
2.27 
7.73 
4.91 
6.82 
4.18 
5.45 
2.73 
6.55 



30 



6.55 

*of solution per 100 ml 
By way of example, and not limitation, an 
experimental analysis of the present invention will now 
be given. 

PVAMPT.E NO. 1 

The purpose of this study was to evaluate the 
nutritional effectiveness of Dianeal* with a 1.1% amino 
acids solution of the present invention. 

The amino acid solution used had the following 
approximate amino acid composition: 
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15 



Amino Acid 


Cone, (jciq) 


Ig&tte&ztd--"-' 


93 


Valine 


126 


Threonine 


59 


Isoleucine 


77 


Lysine 

•* 


69 


Histidine 


65 


Meth i on ine 


40 


Jr lien X a. X call XI its 


52 


Tryptophan 


25 


Alanine 


86 


Proline 


54 


Arginine 


97 


Glycine 


46 


Serine 


46 


Tyrosine 


27 


Aspartate 


69 


Glutamate 


69 


All patients 


participating 



per* 100 ml 



in the trial were 
20 hospitalized, for 35 days, during which time each patient 

received a fixed diet containing 0.8g/kg/day protein and 
25-OQ* kcal /kg/day .- The- f irst- 15- days- represented* the- 
control period during which patients performed their 
usual CAPD regimen using Dianeal* containing glucose, 
25 manufactured by Baxter Healthcare Corporation, Deerf ield # 

Illinois. The treatment period encompassed the twenty 
days immediately following the end of the control period. 

During the treatment period, patients received one 
or two CAPD exchanges of Dianeal® with 1.1% amino acids 
30 so as to provide the equivalent of a total protein intake 

between 1.1-1.3 g/kg of actual body weight. A total of 
25 patients from five centers were enrolled in the trial 
and nineteen completed the protocol. 
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The demographic characteristics of the nineteen 
patients.^ the mean age and time on CAPD were 54-1 years 
(range: 26-74 years) and 2.18 years (range: 0. 4-8*7 
years) , respectively. The pre-entry protein intake 
5 estimated from dietary history varied from 0.84 to 1.1 

g/kg/day. The average nitrogen balance , adjusted for 
changes in body urea nitrogen was +0.729±g/day during 
control period and this increased to +1.94 6 g/day during 
the treatment period (p=0.0015). 

10 Peritoneal uptake of amino acids from the dialysate 

on the first day of administration (day 16) ranged from 
76±10% for lysine to 86+5% for methionine, with an 
overall mean value of 80% for all the amino acids. The 
percent uptake did not change with continued use of the 

15 amino acid solution, and the overall mean values on days 

26 and 35 were 79 and 80%, respectively. 
Plasma Amino Acids Profile 

Fasting pre-exchange plasma amino acid 
concentrations for day 16 (end of the control period) and 

20 day 35 (end of the treatment period) are shown in Table 

1. For the purpose of comparison, plasma amino acids for 
a group of 29 normal subjects with a median age of 50 
years (8) are also shown in Table 1. 

At day 16, the study patients had a plasma amino 

25 acid pattern typical of that reported in renal patients 

by other investigators. Specifically, concentrations of 
the branched-chain amino acids (isoleucine, leucine, and 
valine) , tyrosine, serine, and the 
essential /nonessential , valine/glycine, and 

3 0 tyrosine/phenylalanine ratios were reduced compared to 

normal, and citrulline, and glycine/serine . and 
citrulline/arginine ratios were increased. In general, 
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•the essential amino acids, with the exception of 
phenylalanine,- were low or low-normal. 

At the end of the treatment period (day 35) there 
were significant increases (p<0.05) in plasma 
5 concentrations of histidine, lysine, and valine and 

increases in total branched-chain amino acids and total 
essential amino acids. There were also increases in 
cystine and in the nonessential amino acids arginine and 
serine and a decrease in taurine. As can be seen in 

10 Table 1, treatment with the amino acid solution tended 

to move the fasting plasma amino acids toward a more 
nearly normal pattern. 
Biochemical Data 

Serum chemistries were measured at the beginning of 

15 the study (day 0) f at the end of the control period (day 

16) , and at the end of treatment with amino acid solution 
(day 36) . The following is a description of changes in 
the variables of relevance to nutritional status and the 
ones showing statistically significant changes during the 

2 0 treatment with amino acids solution: 

• Serum albumin tended to rise during the treatment 
period .although* the- increase- was -< not statistically* 
significant. It was not expected that a 
significant change would be observed because of the 

25 long half-life of albumin (21 days) and the large 

extravascular albumin pool. 

• Serum transferrin, a circulating protein with a 
shorter half-life and smaller body pool, rose from 
224 to 249 mg/dl (p=0.219). 

3 0 • Total C0 2 decreased from 25.33 to 21.32 mEq/1 

(p=0. 0001) . 

• Uric acid decreased from 5.79 to 5.45 mg/dl 
(p=0. 0083) . 
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. Blood urea nitrogen (BUN) decreased from 60.24 to 
48.65, mg/dl (p^O. 0001) , during control period, and 
rose to 77.16 mg/dl (p-0.0001) during the treatment 
period. 

5 . Serum inorganic phosphorous decreased from 5.61 

to 4.79 mg/dl (p=0.0l74) during the control period 
and decreased further to 3.85 mg/dl (p=0.006) 
during treatment with amino acids solution. The 
decline in serum phosphorus during the control 
10 period may have been due to better control of 

dietary phosphorus and better compliance with 
phosphate binders. 

. serum chloride tended to fall during control 
period, and it rose during the treatment phase 

15 (p=0.001). 

. HDL tended to rise during the control period and 
fall during the treatment period, but the level at 
day 3 6 was virtually the same as that on day 0 
(40.3 and 41.7 mg/dl, respectively). 
2 0 Summary «nd Conclusions 

The clinical study was designed to evaluate the 
efficacy of Dianeal* with 1.1% amino acids in improving 
nutritional status of a group of malnourished CAPD 
patients. Efficacy criteria included evaluation of the 
25 amino acids solution in improving nitrogen balance. In 

addition, several other biochemical and clinical 
assessments were made during the course of the study to 
determine the safety and efficacy of the product. 

The results of this multi-center clinical study 
30 establish the effectiveness of Dianeal* with 1.1% amino 

acids solution in improving nutritional status of 
malnourished CAPD patients. The lack of any clinically 
significant adverse reactions in this study along with 
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long-term clinical experience with amino acids containing 
s©lut£dits* in" parenteral nutrition indicates that v this" 
product is safe for use in peritoneal dialysis patients. 





Amino Acid (umoles/l) 


Dav 16 


Day 35 


Normal 


5 








Subjects 
(n=29) 




Histidine* 


63.5.+ 10.3 


75.3^+12.8 


88_+_10 


* 


lsoleucine 


57.2±14.1 


55.8.+J0.8 


64jt16 




Leucine 


85.6.+ 18.5 


88.8.+20.8 


127+27 


10 


Lysine* 


158.4.+34.6 


173.8+_31.1 


197+.38 




Methionine 


23.5_+_10.5 


22.9jt3-6 


28+_5 




Phenylalanine 


56.0±17.4 


55.6_+_15.9 


56ji9 




Threonine 


117.74.35.2 


135.7+_ 40.3 


155+41 




Valine* 


139.8 + 29.1 


1 86.4.+ 42.4 


232.+51 


15 


Total Essentia! 


701.7+114.2 


794.4_+ 113.7 


945HH150 




Cystine* 


56.0±20.4 


68.5 + 23.1 


61.+J0 




Tyrosine 


33.8+.10.9 


33.9 + 7.7 


62jJ3 




Alanine 


386.8+1362 


414.2.+ 155.0 


433.+ 116 




Arginine* 


81.1+21.6 


92.6±18.9 


99_f22 


20 


Asparagine 


45.0 + 11.4 


45.2JL9.8 


48.+ 13 




Aspartic Acid 


13 3+5.2 


14.2±7.0 


B±3 




eiffiiflitfe* 




98:23£28:7 W 


39VT2 




Glutamic Acid 


51.1_+20.1 


46.2_+25.9 


46+22 




Glutamine 


670. 1j+ 138.9 


660.0 + 92.2 


480+133 


25 


Glycine 


336.9 + 109.2 


317.7±119.0 


265.+ 118 




Ornithine 


51.6JJ2.2 


59.0_+15.1 


66+28 




Proline 


187.0^44.8 


205.2_+54.5 


210.+ 65 




Serine* 


66.5jt18.0 


70/7+11.8 


108.+ 24 




Taurine* 


67.1.+ 31.1 


45.2jf19.5 


48+_18 


30 


Total Nonessential 


2048 + 356.7 


2068j+368.7 


1850+378 




Hydroxyproline 


36.1.+ 10.9 


34.9±12.6 


16+13 




Essential/Nonessential 


0.3.+ 0.1 


0.4+_0.1 


0.5 + 0.1 
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10 



15 



20 



25 



0.5 + 0.3 
0.6+0.1 
5.2_+1.7 
1.1+0.3 

282.6+ 57.2 



0.7JL0.3 

0.6+01 
4.5.+ 1.6 
1.1+.02 

331.0+65.2 



0. 9JLO-1 

1, V+0.2.,, t; 
2.5+0.9 
04+.0.1 

423+90 



Valine/Glycine 
Tyrosine /Phenylalanine 
Glycine/Serine 
Citrulline/Arginine 
Total Branched Chain 
Amino Acids 
*p<0.05 (Day 16 vs. Day 35) 

KYAMPLE NO. 2 

Table II below is a comparison of the formulation 
of the present invention and other previous formulations 
The formulation of the present invention was tested 
pursuant to the protocol set forth in Example No. 1. The 
other formulations were tested as reported in the 
articles that are referenced by first name authorr 
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BL equals bicarbonate blood level. 1 x 1% is one 
exchange per day at 1% amino acids. 2x1% means two 
exchanges at 1% amino acids. An asterisk indicates 
metabolic acidosis. 
5 As noted in the study, TRAVASOL* did not present any 

problems with respect to metabolic acidosis. However, 
TRAVASOL* is not nutritionally balanced and does not 
compensate or provide a sufficient nutrition to the 
patients to normalize plasma amino acid profile, and 

10 compensate for malnutrition in the patients. 

Accordingly, the table indicates that the only 
formulation that will provide a sufficient amino acid 
composition to normalize plasma amino acid profiles and 
compensate for the malnutrition of the patient is the 

15 formulation of the present invention* 

It should be noted that at 2 x 1.1%, the formulation 
• of the present invention had the following results 
BL=24.6 ±1.5 and at week 3, 18.5±1.5*. 

It should be understood that various changes and 

20 modifications to the presently preferred embodiments 

described herein will be apparent to those skilled in the 
art. Such changes and modifications can be made without 
departing from the spirit and scope of the present 
invention and without diminishing its attendant 

25 advantages. It is therefore intended that such changes 

and modifications be covered by the appended claims. 
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WE CIAIM: 

1 A dialysis solution including at 1.6% or less 

(w/v) a mixture of amino acid comprising the amino acids: 
leucine; valine; threonine; isoleucine; lysine; 
5 histidine; methionine; phenylalanine; tryptophan; 

alanine; proline; arginine; glycine; serine; tyrosine; 
aspartate; and glutamate; methionine being present in an 
amount that is less than or equal to 48 mg per 100 ml of 
total solution, wherein the ratio of 
10 phenylalanine/tyrosine is approximately 1 - 3 to about 3.0, 

and wherein the ratio of basic/acidic amino acids is 
approximately 1 to about 2.2. 

2. The dialysis solution of Claim 1 including: 

120-150 mEq/L sodium; 
15 80-110 mEq/L chloride; 

0.0-45.0 mEq/L lactate; 

0.0-45.0 mEq/L bicarbonate; 

0.0-4.0 mEq/L calcium; and 

0.0-4.0 mEq/L magnesium. 
20 3 . The dialysis solution of Claim 1 including 

glucose. 

4. The dialysis solution of Claim 1 including an 

additional osmotic agent. 

5. The dialysis solution of Claim 1 wherein 
25 aspartate is present at a level of at least 55 mg per 

100 ml of solution. 

6. The dialysis solution of Claim 1 wherein 
glutamate is present at a level of at least 55 mg per 100 
ml of solution. 

30 7> The dialysis solution of Claim 1 wherein the 

ratio of essential/total amino acids is 0.5/0.07. 
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8. The dialysis solution of Claim 1 wherein the 
amino acids solution comprises approximately 1.1% to 1.0% 
(w/v) of the total solution. 

9. A peritoneal dialysis solution comprising not 
5 more than 1.6% (w/v) of an amino acid mixture having the 

following composition: 



Amino Acid 


Cone. fmcO 


Leucine 


74-112 


Valine 


100-151 


Threonine 


47-71 


Isoleucine 


61-92 


Lysine 


55-83 


Histidine 


52-78 


Methionine 


32-48 


Phenylalanine 


42-62 


Tryptophan 


20-30 


Alanine 


68-103 


Proline 


43-65 


Arginine 


70-117 


Glycine 


36-55 


Serine . 


40-65 


Tyrosine 


20-35 


Aspartate 


55-83 


Glutamate 


55-83 



25 per 100 ml of solution. 

10. The peritoneal dialysis solution of Claim 9 
including: 

120-150 mEq/L sodium; 

80-110 mEq/L chloride; 
30 0.0-45.0 mEq/L lactate; 

0.0-4 5.0 mEq/L bicarbonate; 

0.0-4.0 mEq/L calcium; and 

0.0-4.0 mEq/L magnesium. 
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11. The peritoneal dialysis solution of Claim 9 

including glucose. 

12. The peritoneal dialysis solution of Claim 9 
including an additional osmotic agent. 

5 13 The peritoneal dialysis solution of Claim 9 

wherein the ratio of phenyl alanine/ tyrosine is 1.3 to 

about 3.0. , 

14. The peritoneal dialysis solution of Claim 9 

wherein the ratio of basic/acidic amino acids is 1 to 

10 about 2.2. 

15 The peritoneal dialysis solution of Claim 9 

wherein the ratio of essential/total amino acids is 
0.5/0.07. 

16. A method for providing nutrition to a 

15 peritoneal dialysis patient comprising the steps of 

administering once a day a peritoneal dialysis solution 
that includes: 

amino Acid Cone, fmq) 

Leucine 74-112 

20 Valine 100-151 

Threonine 47-71 

Isoleucine 61-92 

Lysine 55-83 

Histidine 52-78 

25 Methionine 32-48 

Phenylalanine 42-62 

Tryptophan 20-30 

Alanine 68-103 

Proline 43-65 

30 Arginine 70-117 



Glycine 
Serine 



36-55 
40-65 



Tyrosine 20-35 
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10 



15 



Aspartate 55-83 
Glutamate 55-83 
per 100 ml of solution. 

17. The method of Claim 16 wherein the solution 
includes: 

12 0-150 mEq/L sodium; 
80-110 mEq/L chloride; 
0.0-4 5.0 mEq/L lactate; 
0.0-45.0 mEq/L bicarbonate; 
0.0-4.0 mEq/L calcium; and 
0 . 0-4 . 0 mEq/L magnesium. 

18. The method of Claim 16 wherein the solution 
includes glucose. 

19. The method of Claim 16 wherein the solution 
includes an additional osmotic agent. 

20. The method of Claim 16 wherein the amino acids 
are present at less than or equal to 1.6 w/v of the total 
solution. 
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